Six trials involving 888 pigs (Study 1) and three trials involving 360 pigs (Study 2) were conducted at various geographical locations in the U.S. and Canada to evaluate the effect of ractopamine hydrochloride on the performance and carcass characteristics of finishing swine. All trials were conducted using a randomized complete block design. Trial 
between lean tissue vs fat tissue, resulting in a favorable shift in the 1ean:fat ratio of growing animals (Baker et al., 1984 , Dalrymple et al., 1984a Moser et al., 1984; Ricks et al., 1984a,b; Jones et al., 1985) .
Ractopamine hydrochloride, which is a phenethanolamine with beta-adrenergic agonist properties, has been shown to increase nitrogen retention, improve growth performance and enhance carcass leanness of finished pigs (Anderson et al., 1987a,b; Veenhuizen et al., 1987) .
Ractopamine is an exogenous substance that alters the manner in which nutrients are directed toward fat deposits and muscle accretion. Adipose tissue is reduced through a decrease in the rate of iipogenesis, an increase in lipolysis (Merkel et al., 1987a,b) , an increase in muscle protein synthesis and an increase in the abundance of myosin and actin mRNA (Bergen et al., 1987a,b; Johnson et al., 1987a,b,c; Smith et al., 1987; Helferich, 1988) . Ractopamine reduces fat and increases muscling while improving growth performance (Hancock et al., 1987; Irvin and Watkins, 1988; Jones et al., 1988a.b) .
The objective of these studies was to determine the efficacious dose range of ractopamine for improving ADG, F/G and selected carcass characteristics.
Experlmental Procedure Study 1. Six trials were conducted with 888 barrows and gilts in six locations: Alabama, Indiana, Nebraska, North Dakota, Ohio and Ontario, Canada. Ractopamine levels of 0, 2.5, 5, 10, 20 and 30 pprn were evaluated. The number of pigs per pen was six in three trials and eight in three trials. The ractopamine treated finisher feeds were fed from an initial pig weight of 64.5 kg to a pen termination weight of 104.3 kg/pig. Following termination of the growth portion of each trial, all treated and control pigs were fed a nonmedicated control diet for 4 d prior to a withdrawal preslaughter weight (106.1 kg) being taken. Following the preslaughter weighing, all pigs were trucked to a slaughter plant, held overnight with access to water but no feed and slaughtered the following day (total of 5 d withdrawal). Carcass measurements were obtained on all pigs in all six trials.
Carcass dissection data were collected in three of the six trials (Alabama, Indiana and North Dakota) from three of the six treatments (0, 5 and 20 ppm ractopamine). One barrow and one gilt per pen (for each treatment level) that in live weight most closely approximated the mean weight of pigs in a pen were selected for dissection.
Study 2. Three trials were conducted with 360 barrows and gilts in Alabama, Indiana and North Dakota. Ractopamine levels of 0, 5, 10, 15 and 20 ppm were evaluated. The number of pigs per pen was six in all three trials. At the start of each trial (65.9 kg), one barrow and one gilt were designated randomly from each pen for carcass measurements and carcass dissection as each attained a fiial trial weight of approximately 107 kg.
All pigs in each pen were fed ractopamine until both randomly designated carcass animals had reached their final trial weight and had been removed from the pen (treatment termination) for slaughter.
Pigs designated for carcass dissection were slaughtered as each reached 107 kg. The pigs were removed from the treatment pen after weighing and placed in a pen with only water available until slaughter on the next day. A final live slaughter weight (101.7 kg) was taken on each animal prior to slaughter. There was no ractopamine withdrawal period in Study 2.
Stdies 1 and 2. The experimental design at all locations was a randomized copplete block with initial pig weight as a blocking factor. Time blocks were employed in several of the trials so that pigs from multiple farrowing groups could be utilized. Each pen of pigs served as an experimental unit. At any one trial site, pigs were assigned to pens within a weight block to achieve balanced representation on the basis of weight, gender and breed. Treatments were assigned randomly to the pens of pigs within a block Diets used at each trial site were typical of those used at the geographical locations in which the trials were Conducted. A 16% crude protein com-soybean meal (seven trials) or a barley-soybean meal (two trials) diet was used at all trial sites. Two trial sites pelleted their rations; the other research locations used meal diets. National Research Council (NRC, 1979) guidelines for finisher diets were followed when formulating the diets for mineral and vitamin content. A sample (.5 kg) of each batch mix of each diet was collected and assayed for crude protein and ractopamine. Assay results confirmed that crude protein and ractopamine were present at expected levels in the complete feeds.
Facilities at the trial sites varied from opensided buildings with canvas side curtains to completely enclosed buildings with forced-air ventilation. Floor types varied from fully slatted to solid concrete flooring. Pig density was uniform across all pens within each block at each trial site. Pigs had ad libitum access to feed and water. Management practices normally used at each test site were followed prior to and during each trial.
Live performance results (average daily gain [ADG] , average daily feed intake [ADFI], fedgain ratio F/G]) were collected for all pigs for the time period in which ractopamine was fed.
At slaughter, the hot carcass weight and leaf fat weight were recorded. After chilling, the following carcass data were collect& carcass length (measured from the anterior tip of the aitch bone to the anterior edge of the first rib and next to the vertebra); midliie backfat thickness opposite fist rib, last rib, and last lumbar vertebra (measurements were taken perpendicular to the skin and included the skin and both layers of fat exposed on the split surface of the backfat); loin eye area at the loth rib (untrimmed loin was cut perpendicular to the backbone between the loth and 1 lth ribs and the longissimus muscle was measured by using a plastic grid); fat depth at loth rib (depth extended from the edge of the loin muscle to the outer edge and perpendicular to the skin (this measurement was taken at approximately 3/4 distance from the medial side of the loin muscle); marbling, color, and firmness scores (these subjective evaluations were made on the lean cut surface of the longissimus muscle between the loth and 11th rib NF'PC, 1976); and muscling scores (USDA, 1968).
With the exceptions of hot carcass weight, leaf fat weight, and muscling score, all measurements were taken from both sides of the pork carcass and the measurement reported for a trait was an average of the two carcass sides.
Carcass dressing percentage was calculated by the following formula: hot carcass weight divided by final live weight x 100.
Estimated carcass leanness (percentage fatfree muscle) was calculated by the following formula (Fahey et al., 1977) Carcass dissection data were collected from the right side of the carcass from the selected pigs (Study 1) and designated pigs (Study 2).
Carcasses were separated into the following components: lean, trimmable fat, skin, physically separable bone (includes heavy connective tissue) and mixed lean and fat (inseparable tissue). The mixed lean and fat component was ground and analyzed chemically for fat content according to AOAC methods; its components were allocated to their respective lean or fat categories (Lunt et al., 1985) .
Chronically diseased pigs were removed from test throughout the course of the nine trials. Feed adjustments were made for animals that were removed from the trial by allowing 15 g of feed per kilogram of initial body weight per day on trial as maintenance feed (Mitchell and Hamilton, 1929) ; the portion of the pen's feed consumed above maintenance that was assigned to the removed pig was based on its gain as a percentage of the pen's total gain.
Trial data were pooled for each study (1 and 2) and statistically analyzed as a series of trials within a study (Snedecor and Cochran, 1967) using an unweighted analysis of variance fitting the following model: location, treatment, treatment x location, and error. Single degree of W o m contrasts were used to test for treatment differences (Snedecor and Cochran, 1967) . Linear and quadratic orthogonal polynomials (Snedecor and Cochran, 1967) were used to establish dosage ranges. All statistical testing was done using the treatment x location interaction as the error term. Statistical analysis was not conducted on the individual trial results.
Results and Discusslon
The effect of ractopamine on ADG, ADFI, and F/G in Studies 1 and 2 are given in Tables 1 and 2. All ractopamine treatment groups for ADG and F/G were superior (P < .05) to the control group. In Study 1, linear (P < .CM) and quadratic (P < .OO01) orthogonal polynomials 37, SE = .11, and n = 126) showed that the dosage producing maximum response was 16 ppm, whereas l i n w and quadratic (P < .OO0l) .036x + .00088x2, R2 = 37, SE = .18, n = 126)
showed that the dosage producing the greatest improvement in F/G was 20 ppm. In Study 2, linear (P < .003) and quadratic (P < .01) + .027x -.00097x2, R2 = .!IO, SE = .12, n = 60) showed that the dosage producing maximum response was 14 ppm, whereas linear (P < .OO01) and quadratic (P < .009) orthogonal .0017x2, R2 = 36, SE = .18, n = 60) showed that the dosage producing the greatest improvement in F/G was 18 ppm.
Average daily feed intake was reduced (P < .05) for the 30 ppm (Study 1) and for the 20 ppm (Study 2) levels of ractopamine compared with controls. areas and estimated fat-free muscle for all ractopamine levels, except for 5 ppm in Study 2, were superior (P c .05) to controls and increased linearly (P c .OOO7) over the dosage range.
Other variables that were examined but for which no dosage range for ractopamine was established were as follows: leaf fat was All treatment groups with ractopamine at 5 pprn or greater had higher (P c .05) muscling scores (Studies 1 and 2) than did control-fed pigs.
In Study 1, ractopamine had no effect (P > .05) on muscle color, marbling or firmness scores as evaluated on the lean cut surface of the longissimus muscle between the loth and 11th rib. In Study 2, ractopamine treatment produced carcasses with higher (P < .05) color scores at the 10 and 15 pprn levels, increased (P c .05) firmness scores at the 10 to 20 ppm levels, and greater (P c .05) marbling at the 5 to 20 ppm ractopamine levels.
The effect of ractopamine on carcass composition in Studies 1 and 2 are presented in Tables 5 and 6 . In Study 1, the only two ractopamine levels examined (5 and 20 ppm) increased (P c .05) percentage of dissected lean. In Study 2, the percentage of dissected lean increased (P < .lo) at the 5 ppm level of ractopamine but response was not as great as at the other three doses (10, 15 and 20 ppm; P c .05); however, the increase was linear (P c .ooo4). Percentage of dissected fat was reduced (P c .05) for the 20 ppm ractopamine level (Study 1) and for the 10 and 20 ppm levels (Study 2). Percentage of dissected bone de- 'Least squares means (SAS, 1982) .
'DSerent from 0 ppm (P < .05).
' 1 = thin, 5 = very thick.
fcalculated by an equation of Fahey et al. (1977) : ( %elve experimental units @ens) and 2 4 pigs for each treatment level. b e a n slaughter weight (slaughter plant weight) was 101.7 kg with no withdrawal period.
'least squares means (SAS, 1982) .
-ant from 0 ppm (P < .05). eDifferent from 0 ppm (P < .as).
creased (P < .05) for the 20 ppm ractopamine level (Study 1) and for the 5 to 20 ppm levels (Study 2). Percentage of dissected skin was not affected except in Study 2, when it decreased (P < .05) at the 20 ppm ractopamine level.
The most consistent effect on carcass composition has been the increase in muscle mass (McKeith et al., 1988) . In swine carcass dissection studies, ractopamine has increased the musc1e:bone ratio (Cline and Forrest, 1987; Crenshaw et al., 1987; Prince et aL, 1987) .
At all levels tested, ractopamine improved (P < .05) ADG and F/G; the efficacious dosage range established from these studies was 5 to 15 ppm. Over this range of 5 to 15 ppm ractopamine (average of Studies 1 and 2), ADG was increased 8.3% and F/G was improved 9.9%. Dressing percentage , longissimus muscle area, estimated fat-free muscle and percentage of dissected lean were improved (P < .05) for all pigs receiving ractopamine at greater than or equal to 10 ppm, and an efficacious dosage range covering these variables from these two studies was 10 to 20 ppm ractopamine. Percentage of dissected lean (average of Studies 1 and 2) increased 9% in carcasses from pigs fed ractopamine over this range compared with the controls.
implications
Feeding ractopamine to swine (65 to 105 kg) at levels of 10 to 20 ppm in diets containiig at least 16% crude protein improved ADG, F/G, dressing percentage, longissimus muscle area, estimated fat-free lean and percentage of dissected lean. The response in these growth and carcass variables from feeding ractopamine may depend on a combi- nation of factors that have not been fully researched. These would include genetics (degree of leanness), diet crude protein and(or) energy levels and ractopamine dosage.
